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Heavy Baryons and electromagnetic decays 
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In this talk I review the theory of electromagnetic decays of the ground state baryon multiplets with one heavy 
quark calculated using Heavy Hadron Chiral Perturbation Theory Jl). The Ml and E2 amplitudes for S* — > S7, 
S* — » Tj and S — > Tj are separately analyzed. All Ml transitions are calculated up to 0(1/A^). The E2 
amplitudes contribute at the same order for S* — ► S7, while for 5* — > T7 they first appear at 0(l/(mgA^)) and 
for 5 — > T7 are completely negligible. Once the loop contributions is considered, relations among different decay 
amplitudes are derived. In ref. M it is shown that the coupling of the photon to light mesons is responsible of a 
sizable enhancement of these decay widths. Furthermore, one can obtain an absolute prediction for T(Hc ^ —* 



H° 7 ) and T(H 



-'(*) 



1. Introduction 

In Heavy Hadron Chiral Perturbation Theory 
(HHCPT) one constructs an effective Lagrangian 
whose basic fields are heavy hadrons and light 
mesons 0-f|. In ref. the formalism is ex- 
tended to include also electromagnetism. In this 
talk I describe how, using this formalism, one can 
calculate the electromagnetic decay width of some 
baryons containing a c or a b quark. The details 
of this computation are reported in ref.[[l| and 
here I limit myself to trace its guidelines. In or- 
der to classify these baryons one observe that the 
light degrees of freedom in the ground state of a 
baryon with one heavy quark can be either in a 
si = or in a s; = 1 configuration. The first one 
corresponds to J p = i + baryons, which are anni- 
hilated by Ti(v) fields which transform as a 3 un- 
der the chiral SU(3)l+r and as a doublet under 
the HQET SU(2) V . In the second case, si = 1, 
the spin of the heavy quark and the light degrees 
of freedom combine together to form J p = 3/2 + 
and J = l/2 + baryons which are degenerate in 
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mass in the toq — > 00 limit. The spin-| ones are 
annihilated by the Rarita-Schwinger field S* l: >(v) 
while the spin-i baryons are destroyed by the 
Dirac field S z; >(v). They transform as a 6 under 
SU (3) l+r and as a doublet under SU (2) v and are 
symmetric in the i, j indices. I consider the de- 
cays S* — > S7 and — > T7. For most of these 
decays the available phase space is small, so that 
the emission of a pion is suppressed or even for- 
bidden and the electromagnetic process becomes 
relevant. Moreover these kinds of decays are get- 
ting measured . In the case of S* — •> 57 all con- 
tributions up to order 0(1/ A^.) are calculated for 
Ml and E2 transitions. All divergences and scale 
dependence can be absorbed in the redefinition 
of one C(l/A x ) coupling for each type of process 
(Ml, E2). Eliminating the unknown constants 
it is possible to find relations among the ampli- 
tudes which are valid up to the considered order. 
An analogous calculation can be performed for 
S* — > Tj. In this case, the E2 contribution has 
to be computed up to order 0(l/mQA£), imply- 
ing the intervention of two new constants. Fi- 
nally for S — > T7 the Ml amplitude is calculated 
up to order 0(1/Ar,), while the E2 contribution 
is found to be extremely suppressed. In the case 
Si*) -> T7 it exists a process which do not re- 
ceive any contribution from local terms in the La- 
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grangian and therefore its width is described by 
a finite chiral loop calculation: T(5 



(and analogously T(S f) 



S" 7 )). In the fol- 



lowing I comment these results and I refer to 
ref. for the formalism and for a more com- 
plete comparison with other results existing in 
literature. A similar formalism can be applied to 
the study of the magnetic moments of the same 
baryons ||. 

2. Results for S* — > S7 decays 

The decay amplitudes are decomposed by 

A (B* -» B 7) = ^mi Omi + A B2 £2 , (1) 

where the corresponding Ml and E2 operators are 
defined by 

Omx = eB W B* v F^, 

E 2 = ieB W Blv a {d»F<* v + d v F a »),{2) 

The leading contributions to Ml transitions come 
from the light- and heavy-quark magnetic in- 
teractions which are of 0(1/A X ) and OQ/thq), 
respectively. We have computed the next-to- 
leading chiral corrections of 0(1/ A^.), which orig- 
inate from the loop diagrams shown in fig. [I]. 
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Figure 1. Meson loops contributing to S* — > $7. 



The resulting Ml amplitudes can be written as: 
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Table 1 

Contributions to Ml amplitudes for S 



The values of a 93 can be deduced from the ones 
of a g2 with the substitution Jj 



S 7 . 
mes 

mi/m K (i = 



7T,K). 
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In Table 1 we show the values of the coefficients 
a,i(B*) for the decays of baryons containing one 
charm or bottom quark. In the table, 



I{A ST ,mi) = 2[ -2 + log-f 



V^ST 



x log 




V a st ~ mj 



A ST - y/A 2 ST - 



(4) 



where Ast is the mass difference between S and 
T-baryons. Due to flavor symmetry, all contri- 
butions are equal for charm and bottom baryons, 
with the only exception of the term proportional 
to the heavy quark electric charge (Q c = +2/3, 
Qb = —1/3). The main things to be observed are 
the following: 

• the corrections proportional to g\ are ob- 
tained performing a one-loop integral (fig. |l| 
with an S baryon running in the loop) that 
has to be renormalized. It can be demon- 
strated that the scale fi dependence of 
the loop integrals is exactly canceled by the 
corresponding dependence of the coefficient 

cs(m); 

• the contribution proportional to <?| involves 
a loop integral with a baryon of the T mul- 



3 



tiplet running in the loop. Since the La- 
grangian does not have any mass term for 
T baryons, the result of the integral is con- 
vergent and proportional to the mass of the 
light mesons. 

Looking at table 1 one sees that relations among 
the decay amplitudes in which all unknown con- 
stants are eliminated can be easily found. A com- 
plete list of them is reported in ref . M . 

The Ml and E2 amplitudes have identical 
SU(3) structure. The only difference is that there 
are no 1/ tuq terms contributing to E2. Therefore, 
one can construct for the E2 amplitudes exactly 
the same relations as in the Ml case. 

The E2 amplitudes come at higher chiral order 
with respect to the Ml ones. Therefore, the E2 
contribution to the total width is suppressed by 



a factor (Ej/A^ 



5%. In principle, it should 



be possible to determine experimentally the ratio 
A-E2/A mi by studying the angular distribution 
of photons from the decay of polarized baryons 
|9|-pT|. The Fermilab E-791 experiment has re- 
ported |j3 a significant polarization effect on the 
production of A c baryons, which perhaps could 
be useful in future measurements of these electro- 
magnetic decays. In ref. |l]] it has been observed 
also that the loop contribution can strongly en- 
hance the decay widths. In other words the cou- 
pling of the photon to light meson can give the 
main contribution to the decay widths. 

3. Results for S* — ► T7 decays 

The Ml and E2 operators for these decays are 
defined as in Eq. (||). Similarly to what we have 
done in the previous paragraph, we write the Ml 
amplitude for S* — > T7 decays as 



Ami (B*) 



A 



+92 93 
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ST 



2V2(4 7 r/ 7r ) 2 



a g (B*). (5) 



The value of the parameters entering this equa- 
tion can be found in ref. M. The final result do 
not depend on the heavy quark mass or charge. 
All constants can be eliminated in the relations 



A M1 (S+*) - A M1 (E+ *) = -3A M1 (E[ 



o'*\ 



^Ml(£g*) 



Ami (St'*) 



= -3A M i(S-*) (6) 



It is interesting to notice that Ami (2° *) does 
not depend on cst- Since at C(l/A 2 ) this decay 
does not get any contribution from local terms, 
its Ml amplitude results from a finite chiral loop 
calculation (it cannot be divergent because there 
is no possible counter-term to renormalize it), so 
that we have an absolute prediction for its value 
in terms of g 2 and g%. Using the experimental 
value of #3 |l3|,[l5| and the corresponding value of 
g 2 Jl6j derivable from the quark model, one finds 
(see also ref. p7[) 



~0'* 



rMi(s 
rMi(s^" 



) = 5.1 ± 2.7 keV 
') = 4.2±2.4keV 



(7) 



where the dominant error come from the uncer- 
tainty On J2,3- 

The E2 amplitude in S* — > T7 is suppressed by 
an extra power of 1/rriQ. The first non-zero con- 
tributions comes at ©(I/ttiqA 2 ,). It is important 
to note that at this order it appears an operator, 
which break spin symmetry, 



9' 



kl 



+^ fc 5^(n^ 



(8) 



which gives rise to divergent loop diagrams. 
Moreover finite contributions of the same order 
come from 



„E2 



(9) 



Both the contributions coming from eq.|8|-|9| where 
not considered before in literature. 

By eliminating the unknown coupling con- 
stants, one can deduce the relation 



A E2 (Z+*) - A E2 (Z+'*) = -3A E2 (Z U C *) . (10) 

The same relation holds for the corresponding b 
baryons, since 



"0'*\ 



A E2 {B$) = ^ A E2 {Bl 



(11) 



The decays S°* — > S°7 and S^~* — > E^j do 
not get any contribution from the local term pro- 
portional to c§ 2 ; their (^(I/toqA 2 ,) E2 amplitude 
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is also given by a finite loop calculation. Un- 
fortunately, since the coupling g' is not known, 
there is no absolute prediction in this case. An ex- 
perimental measurement of these E2 amplitudes 
would provide a direct estimate of g' . 

4. Results for S -> Tj 

The calculation of the Ml amplitude for S — > 
T7 decays is analogous to that of the previous 
section. Now the Ml operator is defined as 

Oui=ieB T a^B s F^ (12) 

and the corresponding amplitude can be written 
in the form 

a / tj\ 1 c st , m As T a g (B) 
Ami(B) = TzK ax{B) ~ 929S 4V6(4vr/^ ' (13) 
where the coefficients satisfy 

a x (B)=a x (B*), a g (B) = a g (B*) . (14) 

Therefore, the relation @ is also valid in this 
case. The widths of the decays S° — > and 
SjJ" — > 5^7 can be predicted through a finite loop 
calculation. From 

E 3 M T 

T{S - T 7 ) = 16a CT „ -I— I Ami | 2 , (15) 
we find 

T(S°') = (1.2 ±0.7) KeV , 

r(S^') = (3.1 ± 1.8) KeV . (16) 

Again the dominant error in Eq. ([Hf ) is given 
by the uncertainty of 52,3- 

For these decays the E2 amplitude is fur- 
ther suppressed than in the previous cases. 
The lowest-order contribution appears at 
©(I/toqA 2 ,) and, therefore, can be neglected. 
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